Overlapping cloned cDNAs representing the entire sequence of the rat fatty acid synthase mRNA have been isolated from a cDNA library and sequenced. Authenticity of the cDNA clones was supported by hybridization to fatty acid synthase mRNA and by amino-terminal sequencing of 39 fatty acid synthase CNBr fragments. The full-length fatty acid synthase mRNA is 9156 nucleotides long and includes an 84-nucleotide 5' noncoding region, a 7515-nucleotide coding sequence, and a 1537-nucleotide 3' noncoding region; a second mRNA species containing a shortened 3' noncoding sequence is also transcribed in the rat. The encoded fatty acid synthase subunit contains 2505 amino acids and has a molecular weight of 272,340. Active sites and substrate binding sites were located within the sequence, thus establishing the order of domains on the multifunctional animal fatty acid synthase as condensing enzyme-transferase-dehydrase-enoyl reductase-ketoreductase-acyl carrier protein-thioesterase.
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The synthesis of fatty acids from malonyl-CoA de novo requires several enzymatic activities (1) . In most bacteria and plants the activities exist as discrete monofunctional polypeptides, whereas in animals they are integrated into a single multifunctional polypeptide (2) . Partial sequences for animal fatty acid synthases have been reported (3) (4) (5) (6) . In this paper we report the complete amino acid sequencer of an animal fatty acid synthase and the ordering of the seven functional domains on the multifunctional subunit.
MATERIALS AND METHODS
Isolation and Sequencing of Fatty Acid Synthase cDNA Clones. Clones characterized in this study were isolated from Agtll cDNA libraries constructed from poly(A) RNA obtained from the mammary glands of lactating Long-Evans rats (7) or the livers of fasted-refed Long-Evans rats (8) . To maximize the probability of including cDNA sequences corresponding to the 5' end of the fatty acid synthase in the liver library, we added a specific primer [nucleotides (nt) 3183-3200 of fatty acid synthase, antisense direction, 50 ng/ml] to the reaction mixture for first-strand synthesis.
Asymmetrical adaptors with dephosphorylated EcoRI overhangs (Pharmacia) were used in the ligation reaction, eliminating the need for EcoRI methylase treatment. The liver library yielded, in Escherichia coli Y1090r-, 1.2 X 107 plaque-forming units/,ug of DNA and was amplified 7.6 x 104-fold (68% white plaques) before screening.
Probes for library screening were derived from established fatty acid synthase cDNAs and were labeled with [32P]dCTP by random-priming (9) . Inserts were subcloned (10) using pUC12 or pUC19 vectors and E. coli DH5a cells (Bethesda Research Laboratories). Nested deletions were constructed using BAL-31 nuclease (11) . Double-stranded plasmid DNA was used directly in dideoxynucleotide sequencing reactions with purified synthetic oligonucleotide primers (3, 12) .
Amino Acid Sequencing. Fatty acid synthase was purified from the livers of Long-Evans rats. The thioesterase domains were removed with trypsin, and the core polypeptides, produced by nicking near the center of the subunit, were isolated (13) . Protein was carboxymethylated and digested with CNBr. The resulting peptides were fractionated by HPLC (14) and sequenced on an Applied Biosystems model 477A sequencer.
Isolation of Amino-Terminal and Carboxyl-Terminal Fragments of the Trypsin-Digested Fatty Acid Synthase Core. The two core polypeptides were separated by gel filtration in the presence of NaDodSO4. The amino-terminal fragment was immobilized to CNBr-activated Sepharose and used as an affinity matrix to purify regionally specific antibodies from anti-fatty acid synthase antibodies. The carboxyl-terminal fragment was subjected directly to Edman degradation.
RESULTS AND DISCUSSION
Derivation of Fatty Acid Synthase Sequence. Our strategy for sequencing the fatty acid synthase involved the initial identification and characterization of several cDNA clones that produced immunoreactive fusion proteins. Then making use of the fact that the library contained many overlapping cDNA fragments, possibly produced by self-priming of the fatty acid synthase mRNA in the reverse transcriptase reaction, we conducted a "cDNA walk" in a 3' -+ 5' direction. As upstream sequences were established, they in turn were utilized to develop probes for the identification of clones in the library. Authenticity of the cDNA clones was confirmed by their ability to hybridize specifically to fatty acid synthase 8.3-and 9.1-kilobase (kb) mRNA species in Northern analysis (Fig. 1) . The clones used to construct the complete cDNA sequence for rat mammary gland fatty acid synthase are shown in Fig. 2 . In the initial immunochemical screening of the library, three unique cDNA clones were identified. Clones AFAS1 and AFAS5 produced fusion proteins recognized by antibodies specific for the thioesterase domain and together contained the complete sequence of the thioesterase and the acyl carrier protein domains as well as a 1537-base-pair noncoding region terminating in a poly(A) tail (3, 4) . One additional clone, AFAS3, that produced a fusion protein recognized by antibodies specific for the amino-terminal half of the fatty acid synthase was isolated. (10) , blotted onto nitrocellulose, and hybridized with a radiolabeled fragment of pFAS78 (see Fig. 2 ). The apparent lengths of the two mRNAs, estimated by comparison with the mobilities of DNA standards, were 8.7 and 8.0 kb for the 9.1-and 8.3-kb species. Identical results were obtained with rat mammary gland poly(A) RNA and cDNA probes from other regions of the fatty acid synthase sequence (see Fig. 2 ).
The remainder of the overlapping cDNA clones were identified by DNA hybridization and their sequences encoded a single open reading frame continuous with those of clones pFAS1, pFAS5, and pFAS3. The only major difficulty encountered in completing the sequence arose from the presence of an internal EcoRI site at nt 2545 that may not have been effectively protected by methylation during construction of the mammary gland library. Thus a number of cDNA clones were isolated, all of which appeared to terminate at the same 5'-end sequence as did AFAS3 (C.M.A., unpublished data). One clone, AFAS78, was identified that, when partially digested with EcoRI, yielded an insert extending an additional 130 nt beyond the restriction site. To ensure that this EcoRI site was not an artifact created during library construction, we prepared a second cDNA library from rat liver mRNA. A strategy was adopted that avoided EcoRI digestion and enriched the library in clones representative of this region of the fatty acid synthase. Clone AFAS54, isolated from this library, overlapped AFAS78, and its sequence confirmed that of AFAS78. Verification of the sequence permitted us to complete the cDNA walk using the mammary gland library ultimately yielding clone AFAS27. Primerextension experiments conducted with rat liver mRNA and an oligonucleotide primer representing nt 55-87 of the antisense strand of the fatty acid synthase cDNA suggest that the mRNA may extend no more than 3 nt beyond the 5' end of clone pFAS27 (C.M.A., unpublished data). The size of the full-length mRNA, estimated using DNA standards, agreed well with that calculated from the sequence (Fig. 1) . The shorter mRNA species appears to be transcribed using an alternative polyadenylylation signal A8365TTAAA (J.N., unpublished data). Clone AFAS27 contained a termination codon, T28GA, in the same reading frame as the coding sequence followed, at nt 82, by a sequence (GCCATGG) typical of the vertebrate ribosome binding site (15) . Thus of the possible translation start sites, the furthest upstream ATG (at nt 85) likely encodes the amino-terminal methionine residue. The nucleotide sequence of the 5' noncoding and the coding region, together with the deduced amino acid sequence, is presented in Fig. 3 . Confirmation of the predicted amino acid sequence was obtained in part by direct protein sequencing. We prepared and fractionated CNBr fragments from the fatty acid synthase core (Fig. 4) that contains all the domains of the multifunctional subunit except the thioesterase for which protein sequence data was available (4) . Two CNBr peptides predicted only by the first of the possible start sites were identified ( Table 1 , fragments 1 and 2), establishing that A85TG is the codon for the amino-terminal methionine. The amino terminus appears to be blocked since we were unable to obtain any sequence data from the intact fatty acid synthase polypeptide. Thirty-seven additional CNBr fragments were identified with sequences predicted correctly by the cDNA sequence. Two of the sequenced CNBr fragments (fragments 24 and 28) were not preceded by methionine residues in the predicted sequence. Fragment 28 resulted from the tryptic cleavage at Lys-1281 incurred during preparation of the trypsin-digested fatty acid synthase core. This was confirmed when the 99-kDa carboxyl-terminal tryptic core peptide (residues 1282-2199) was isolated and found to have the same amino-terminal sequence as CNBr fragment 28. The most likely explanation for the isolation of CNBr fragment 24 is the occurrence of a polymorphism at residue 1145 in the outbred Long-Evans strain. The codon for this residue was unambiguously established in both clones pFAS3 and pFAS13 as CTG so that a C --A point mutation at nt 3517
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